The de mand for en ergy around the world is in creas ing, spe cif i cally the de mand for petro leum fu els. World en ergy con sump tion is ex pected to in crease to 180,000 GWh per year by 2020 [1] . Overutilization of pe tro leum fu els and the in creas ingly strin gent emis sion reg u la tions, biofuels, such as eth a nol and biodiesel, have been ex plored to re duce fos sil fuel con sump tion and en gine emis sions. Biodiesel is an al ter na tive die sel fuel con sist ing of alkyl monoesters of fatty ac ids de rived from veg e ta ble oil or an i mal fats. Be cause of its re new able, non-toxic and sul fur-free more re search has fo cused on the use of biodiesel on Die sel en gines [2, 3] . Phys i cal prop er ties of the biodiesel is much closer to that of the Die sel, most stud ies re ports that there is slighter power loss while us ing biodiesel as a fuel in a Die sel en gine due to the lower cal o rific value of the biodiesel [4] [5] [6] . Most re searches re ports that the use of biodiesel will re sults in better emis sion char ac ter is tics ex cept NO x emis sion [7] [8] [9] [10] [11] [12] [13] .
In tro duc tion
The de mand for en ergy around the world is in creas ing, spe cif i cally the de mand for petro leum fu els. World en ergy con sump tion is ex pected to in crease to 180,000 GWh per year by 2020 [1] . Overutilization of pe tro leum fu els and the in creas ingly strin gent emis sion reg u la tions, biofuels, such as eth a nol and biodiesel, have been ex plored to re duce fos sil fuel con sump tion and en gine emis sions. Biodiesel is an al ter na tive die sel fuel con sist ing of alkyl monoesters of fatty ac ids de rived from veg e ta ble oil or an i mal fats. Be cause of its re new able, non-toxic and sul fur-free more re search has fo cused on the use of biodiesel on Die sel en gines [2, 3] . Phys i cal prop er ties of the biodiesel is much closer to that of the Die sel, most stud ies re ports that there is slighter power loss while us ing biodiesel as a fuel in a Die sel en gine due to the lower cal o rific value of the biodiesel [4] [5] [6] . Most re searches re ports that the use of biodiesel will re sults in better emis sion char ac ter is tics ex cept NO x emis sion [7] [8] [9] [10] [11] [12] [13] .
The NO x emis sion formed in side the com bus tion due to the pres ence of ex cess ox y gen and tem per a ture, at el e vated tem per a ture mo lec u lar ni tro gen will dis so ci ate to form atomic nitro gen and forms NO x emis sion [14] [15] [16] . Use of ad di tives and emul si fied fuel will have pos i tive ef fect on re duc ing the NO x emis sion from biodiesel fu eled en gine [17] .
In this work mango seed oil is se lected to pre pare biodiesel. Mango seeds are col lected from the mango juice ex trac tion and pro cess ing cen ter in Tamilnadu state of In dia. The company pro cesses more than 50,000 tonnes of man goes to ex tract juice and pro duces about 5,000 tonnes of or ganic waste which are mostly wasted as land fill. Uti li za tion of the waste mango seed by pro duc ing biodiesel and us ing it in the die sel power plant will re duce the de pend ency on fossil fuel.
Mango seed oil con tain about 42% of mono un sat u rated fatty acid and 14% poly un satu rated fatty acid [18] . Due to the pres ence of higher amount of un sat u rated fatty acid will re sults in the re duc tion in sta bil ity of the fuel which will in creases the emis sion char ac ter is tics.
In this study ef fect of L-ascor bic acid (LAA), an an ti ox i dant on the emis sion char acter is tics and per for mance char ac ter is tics of the mango seed biodiesel are in ves ti gated and it is com pared with the die sel fuel. Four dif fer ent quan ti ties of the ad di tives (1 ml, 2 ml, 3 ml, and 4 ml) is added with the neat mango seed oil biodiesel.
Ma te ri als and meth ods

Fuel prep a ra tion
A lab o ra tory-scale biodiesel pro duc tion set-up is as shown the fig. 1 . It con sists of a motor ized stir rer, straight coil elec tric heater and stain less steel con tain ers. The sys tem was designed to pro duce max i mum five li ter of biodiesel. Tem per a ture of the mix ture of the triglyceride, meth a nol, and cat a lyst were maintained at about 60 °C. Transesterification is done us ing meth a nol (CH 3 OH) in the pres ence of po tas sium hy drox ide as cat a lyst.
Fuel prop er ties
A se ries of tests were per formed to char ac ter ize the com po si tions and prop er ties of the mango seed methyl es ter (MSME). The fuel prop er ties of die sel, MSME an MSME with 1 ml of LAA ad di tive are shown in tab. 1. It is shown that the vis cos ity of biodiesel is ev i dently higher than that of die sel fuel. The den sity of the biodiesel is ap prox i mately 6.02% higher than that of die sel fuel. The lower heat ing value is ap prox i mately 9.08% lower than that of die sel fuel. There fore, it is neces sary to in crease the fuel amount to be in jected into the com bus tion chamber to pro duce same amount of power. Fu els with flash point above 52 °C are re garded as safe. Thus, biodiesel is an ex tremely safe fuel to han dle com pared to that of die sel fuel. 
Ta ble 1. Prop er ties of test fuel
Prop er ties
Die sel MSME MSME + 1 ml LAA 
Ex per i men tal pro ce dure
An ex per i men tal set-up was con fig ured with nec es sary in stru ments to eval u ate the emis sion and per for mance pa ram e ters of the com pres sion ignition en gine at dif fer ent op er at ing con di tions. Sin gle cyl in der wa ter-cooled four-stroke di rect injection Diesel en gine Kirloskar TV-I, in jec tion tim ing 220 kg/cm 2 , com pres sion ra tio of 17.5:1, de vel op ing 5.2 kW at 1500 rpm was used for this pres ent work.
De tails of the en gine are given in tab. 2. The en gine cou pled to an eddy cur rent dy na mom e ter for load mea sure ment. Fuel flow rate is ob tained on the gravimetric ba sis and the air flow rate is ob tained on the vol u met ric ba sis. The AVL 437 smoke me ter is used to mea sure the smoke density, and AVL 444 di-gas analyser is used to mea sure the CO, HC, and NO x emis sion from the en gine. A bu rette is used to mea sure the fuel con sump tion for a spec i fied time in ter val. The ex per i men tal set-up is in di cated in fig. 2 .
The en gine was al lowed to run with sole fuel at var i ous loads for nearly ten min utes to at tain the steady-state and con stant speed con di tions. The wa ter flow was main tained at con stant through out the ex per i ment. The load, speed and tem per a ture in di ca tors were switched on. The en gine was started by crank ing af ter en sur ing that there is no load. The en gine was al lowed to run at the rated speed of 1500 rpm for a pe riod of twenty min utes to reach the steady-state. The fuel con sump tion was mea sured by a stop watch. Smoke read ings were mea sured us ing the Hartridge smoke me ter at the ex haust out let. The amount of NO x was mea sured us ing ex haust gas analyser. The ex haust tem per a ture was mea sured by us ing a sen sor. Then the load was applied by ad just ing the knob, which was con nected to the eddy cur rent dy na mom e ter. Ex per iments were con ducted us ing sole fuel, neat MSME and dif fer ent pro por tions of LAA ad di tive with MSME.
Re sults and dis cus sions
Per for mance char ac ter is tics Spe cific fuel con sump tion Fig ure 3 shows that vari a tion of spe cific fuel con sump tion (SFC) with brake power for Neat die sel, neat MSME, and dif fer ent pro por tions of LAA with MSME. The SFC de creases with the in crease in load for the test fu els. MSME has higher SFC com pared with die sel due to the lower cal o rific value of the MSME. The energy loss due to the vari a tion in cal o rific value of the MSME is com pen sated by in ject ing more fuel into the com bus tion cham ber to pro duce the same power out put, which would re sult in a sub stan tial in crease in SFC of MSME. Ad di tion of LAA does not have any sig nif i cant ef fect on the SFC of the en gine.
Brake ther mal ef fi ciency
Fig ure 4 shows vari a tion of brake ther mal ef fi ciency (BTE) with brake power for Neat die sel, neat MSME and MSME with dif fer ent pro por tions of LAA ad di tive. The MSME has lower BTE com par ing to die sel. The lower BTE of MSME is at trib uted to lower heat ing value and higher vis cos ity. The av er age BTE for diesel, MSME, MSME + 1 ml LAA, MSME + 2 ml LAA, MSME + 3 ml LAA, and MSME + 4 ml LAA are 19.718%, 19.598%, 19.580%, 19.554%, 19.536%, 19.499%, re spec tively.
Emis sion char ac ter is tics
Smoke den sity
Smoke opac ity in di cates the soot con tent on the ex haust gas, it is also a com po nent of par ticu late mat ter. The vari a tion of smoke emis sion with brake power is shown in fig. 5 . Smoke emis sion for all the fuel in creases with the increase in the load, be cause at higher load more fuel is in jected in to the com bus tion cham ber and re sults in avail abil ity of fuel rich zones which fa vours the for ma tion of soot. Smoke emis sion of MSME is lower than die sel due to the better com bus tion of biodiesel, ow ing to the ox y gen con tent of the biodiesel. Ad di tion of LAA ad di tive in creases the smoke emis sion of the MSME but it is still lower than that of die sel. The av er age value of smoke opac ity for die sel, MSME, MSME + 1 ml LAA, MSME + 2 ml LAA, MSME + 3 ml LAA, and MSME + 4 ml LAA are 33, 17.3, 18.6, 20.3, 21.7, 24.3 HSU, respec tively.
Ox ides of ni tro gen
Higher com bus tion cham ber tem per a ture, lon ger com bus tion du ra tion, in crease in oxy gen con cen tra tion are the ma jor and fuel borne ni tro gen are the ma jor fac tors for NO x for mation. Fig ure 6 shows the vari a tion of NO x with brake power for Neat die sel, neat MSME, MSME with dif fer ent con cen tra tions. The NO x emis sion in creases with the in crease in load due to the in crease in com bus tion cham ber tem per a ture with en gine load, which fa vours the ther mal NO for ma tion. Biodiesel be ing an ox y gen ated fuel with high cetane num ber will have a re duced igni tion de lay, will re sults in in creased res i dent time of the com bus tion prod uct in side the combus tion cham ber will re sults in in crease in NO x emis sion. The NO x emissionis re duced by ad dition of LAA with MSME due to the re duc tion in for ma tion of free rad i cals. The emis sion char acter is tics of 4 ml LAA is al most sim i lar to that of the die sel fuel. Ad di tion of more than 4 ml of ad di tive does not have any sig nif i cant ef fect on the NO x emis sion char ac ter is tics.
Car bon mon ox ide
Low flame tem per a ture and too rich air-fuel ra tio are the ma jor causes of CO emis sions. Fig ure  7 shows the vari a tion of CO with brake power for die sel, neat MSME and dif fer ent blends of MSME with LAA. Higher CO re sults in loss of power in en gine. The CO in creased pri mar ily due to in com plete com bus tion re sult ing from an ti ox idant ad di tion. Lower CO emis sion of MSME when com pared to that of die sel is at trib uted to the com bined ef fect of higher cetane num ber and oxy gen con tent. A higher cetane num ber ex hib its a shorter ig ni tion de lay and al lows a lon ger re sid ing of the com bus tion prod uct in side the com bus tion cham ber which re sults in ox i da tion of CO. Ad dition of LAA have slightly in creased the CO emis sion char ac ter is tics of MSME.
Hy dro car bon
Fig ure 8 shows the HC emis sion for dif ferent test fu els. Un burned HC come un der dif ferent forms such as vapour, drops of fuel or products of fuel af ter ther mal deg ra da tion. The HC emis sions con trib ute to the for ma tion of smog and may in clude photo-chem i cally re ac tive species as well as car cin o gens. The HC emis sion re duces with the in crease in load for the fuel due to the in creased com bus tion cham ber tem per ature which sup ports the better ox i da tion of unburned HC. The MSME has a sub stan tial re duction in HC emis sion due to the higher ox y gen con tent of the MSME which sup ports the ox i da tion of fuel in the com bus tion cham ber. It is clear from the fig ure that the ad di tion of LAA with MSME led to in crease in HC emis sion of MSME with its pro por tion at all loads, which is at trib uted to the re duc tion in the ox i da tive free-rad i cal for ma tion. How ever the HC emis sion is still lower than the die sel.
Con clu sions
From the ex per i men tal in ves ti ga tions the fol low ing con clu sions were ar rived. · Biodiesel from mango seed can be used as alternate fuel in a Diesel engine. · Lower calorific value of MSME resulted in reduction in BTE and increase in SFC. · The CO, HC, and smoke emission of MSME is significantly lower than the diesel at all load due to the presence of oxygen in the MSME and higher cetane number. · The HC, CO, and smoke emission of MSME increases with the increase in LAA proportion in MSME but it is lower than the diesel. · Addition LAA has a considerable effect in reducing the NO x emission from the engine, by scavenging free radicals. NO x emission reduced by addition LAA with MSME due the reduction in formation of free radicals. The emission characteristics of 4 ml LAA is almost similar to that of the diesel fuel. Addition of more than 4 ml of additive does not have any significant effect on the NO x emission characteristics.
